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SEMICONDUCTOR DEVICE AND METHOD nitride film, an iridium oxide film, and a platinum film and 

OF FABRICATING THE SAME connected to the first contact plug 17 and a capacitor 

insulating film 19 composed of an insulating metal oxide are 

BACKGROUND OF THE INVENTION formed on the first protective insulating film 16. Thereafter, 

^ , 5 an insulating film 20 is formed on the first protective 

T^e present invention relates to a semiconductor device insu)ati film 16 10 ^ located the capacilor lower 

comprising a capacitor having a capacitor insulating film electrode , g md ^ i(or insuJati film 19 

composed of an insulating metal oxide film such as a „, . „, , , 

ferroelectric film or a high-dielectric-constant film and to a Next, a capacitor upper electrode 21 composed of a 

method of fabricating the same. ,„ ""^yer "Im consisting of a platinum film and a titanium 

' , , , 10 film is formed over the plurality of .capacitor insulating 

With the advancement of digital technology in recent fi|ms 19 am) ^ msulati film 20 t0 have a peripheral 

years, there have been increasing tendencies to process or ion extendi over ^ first proteclive insulati n g film 16. 

store a larger amount of data. Under such circumstances. ^ fore£oi Uor ]ower electrode 18> me c acitor 

electronic equipment has been more sophisticated than ever. insulalin g film 19 , ^ me capacitor upper electrode 2 1 

which has rapidly increased the integration density of a 15 constitute a capacitor for storing data. The capacitor and the 

semiconductor integrated circuit used in the electronic firs( field . effect constitute a mem ory cell. A plu- 

.equipment and promoted the min.atunzat.on a sem.conduc- raU Qf m ^ constitute a m cell 

tor element used therein. V7 , . , . , ... 

_ . , Next, a hydrogen barner film 22 composed of a silicon 

To increase the integration density of a dynamic RAM film Qr fl boron nitride fi , m [$ formed tQ CQVer me 

composing the semiconductor mtegrated circuit, research 20 i{QT e , ectrode n ^ a second protective 

and development has been conducted widely on a technique insulati film 23 is de p 0 sited entirely over the hydrogen 

using a ferroelectric film or a high-dideciric-constant film as film 22 ^ ^ first tective insulating fi i m i6 . Th e 

a capacitor insulating film in place of a silicon oxide film or h drogen 5arrier la er 22 has the function of preventing a 

a silicon nitride film that has been used conventionally. hydroge n atom from being diffused in the capacitor upper 

To implement an actually usable nonvolatile RAM which 25 e i ectrode 21, reaching the capacitor insulating film 19, and 

operates at a low voltage and permits a high-speed write or reducing the insulating metal oxide composing the capacitor 

read operation performed thereto, vigorous research and insulating film 19. 

development has been conducted on a ferroelectric film Next a second comact ho , e 27 (see p, G 9{a)) is formed 

having the property of spontaneous polarization. ifl me second protective insulating film 23 and then a third 

The most significant challenge to the implementation of a -° contact hole 28 (see FIG. 9(b)) is formed in the first and 
semiconductor device comprising a capacitor having a second protective insulating films 16 and 23. Subsequently, 
capacitor insulating film made of an insulating metal oxide a conductive film is deposited on the second protective 
such as a ferroelectric film or a high-dielectric-constant film insulating film 23 such that the second and third contact 
is the development of a process which allows the integration holes 27 and 28 are filled therewith and then patterned, 
of the capacitor into a CMOS integrated circuit without 35 thereby forming a second contact plug 24 connected to the 
degrading the properties of the capacitor. In particular, the capacitor upper electrode 21, a third contact plug 25 con- 
most important point is to prevent the degradation of the nected to the impurity diffusion layer 15 of the second 
properties of the capacitor due to the reduction of an field-effect transistor forming a sense amp, and a wiring 
insulating metal oxide composing the capacitor insulating i aver 26 for providing a connection between the second and 
film by hydrogen. 40 third contact plugs 24 and 25. 

Referring now to FIG. 8, a conventional semiconductor j n a semiconductor memory comprising a capacitor for 

device comprising a capacitor insulating film made of an storing data which has the capacitor insulating film 19 made 

insulating metal oxide and a fabrication method therefor will 0 f an insulating metal oxide, a voltage is applied to the 

be described. 45 capacitor lower electrode 18 for every one bit so that the 

As shown in FIG. 8, a device isolation region 11 is formed capacitor lower electrode 18 is connected to the impurity 

in a surface portion of a semiconductor substrate 10, fol- diffusion layer 15 of the first field-effect transistor via the 

lowed by a gate electrode 13 formed on the semiconductor first contact plug 17. On the other hand, since a voltage is 

substrate 10 with a gate insulating film 12 interposed ther- applied to the capacitor upper electrode 21 for every plural 

ebetween. Then, impurity ions at a low concentration are 50 bits, the capacitor upper electrode 21 is connected to the 

implanted by using the gate electrode 13 as a mask. impurity diffusion layer 15 of the second field-effect tran- 

Subsequently, impurity ions at a high concentration are sistor forming a sense amp via the second contact plug 24, 

implanted by using the gate electrode 13 and the gate the wiring layer 26, and the third contact plug 25. 

protective insulating film 14 as a mask, whereby impurity l n the process of inspecting the properties of the capacitor 

diffusion layers 15 each having an LDD structure and 55 0 f the semiconductor device obtained by the method 

serving as a source or drain region of the field-effect described above, the present inventors noticed that the 

transistor is formed. insulating metal oxide composing the capacitor insulating 

Next, a first protective insulating film 16 is deposited over film 19 was reduced irrespective of the hydrogen barrier film 

the entire surface of the semiconductor substrate 10. Then, 22 provided on the capacitor upper electrode 21 with the 

a first contact hole is formed in the first protective insulating 60 view to preventing the reduction of the insulating metal 

film 16 and a conductive film is filled in the first contact oxide and the properties of the capacitor were degraded 

hole, whereby a first contact plug 17 connected to one of the thereby. 

impurity diffusion layers 15 which serves as the source or As a result of making a wide variety of examinations on 

drain region of the first field-effect transistor forming a the cause of the reduction of the insulating metal oxide, the 

memory cell is formed. 65 present inventors found that the insulating metal oxide was 

Next, a capacitor lower electrode 18 composed of a reduced in accordance with the following mechanism. A 

multilayer film consisting of a titanium film, a titanium description will be given to the mechanism whereby the 
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insulating metal oxide film is reduced irrespective of the 
hydrogen barrier film 22 provided on the capacitor upper 
electrode 21. 

In the step of forming the second contact hole 27 in the 
second protective insulating film 23 by using the first resist 5 
pattern 29 and removing the first resist pattern 29 by using 
an oxygen plasma, as shown in FIG. 9(a), and in the step of 
forming the third contact hole 28 in the first and second 
protective insulating films 16 and 23 by using the second 
resist pattern 30 and removing the second resist pattern 30 10 
by using an oxygen plasma, as shown in FIG. 9(b), the 
capacitor upper electrode 21 is exposed in the second 
contact hole 27 via the opening formed in the hydrogen 
barrier film 22, as shown in FIG. 10(a). Although FIG. 10(a) 
shows the state in which the second resist pattern 30 is 15 
formed on the second protective insulating film 23, the 
capacitor upper electrode 21 is also opposed to the first resist 
pattern 29 via the opening formed in the hydrogen barrier 
film 22 even if the second contact hole 27 is formed in the 
second protective insulating film 23 by using the first resist 20 
pattern 29. 

As a result, most of OH groups generated in removing the 
first and second resist patterns 29 and 30 by using the 
oxygen plasma are evaporated but some of the generated OH 
groups are decomposed by the catalytic reaction of platinum 25 
present on a surface of the capacitor upper electrode 21, so 
that active hydrogen is generated on the surface of the 
capacitor upper electrode 21 as shown in FIG. 10(b). Oxy- 
gen generated through the decomposition of the OH group 
is combined with carbon in the resist pattern to form CO, 30 
which is evaporated. The active hydrogen generated on the 
surface of the capacitor upper electrode 21 is diffused in the 
capacitor upper electrode 21 through the opening of the 
hydrogen barrier film 22 of the capacitor upper electrode 22 
to reach the capacitor insulating film 19 and reduce the 35 
insulating metal oxide composing the capacitor insulating 
film 19, as shown in FIG. 10(c), which degrades the prop- 
erties of the capacitor. 

If the wiring layer 26 formed by patterning the conductive 4Q 
film deposited on the second protective insulating film 23 is 
subjected to an annealing process (sintering) performed in a 
hydrogen atmosphere, a hydrogen atom is diffused in the 
second contact plug 24 and in the capacitor upper electrode 
21 to reach the capacitor insulating film 19 and reduce the 45 
insulating metal oxide composing the capacitor insulating 
film 19, as shown in FIG. 11, which also degrades the 
properties of the capacitor. 

SUMMARY OF THE INVENTION 

50 

In view of the foregoing, it is therefore an object of the 
present invention to prevent the reduction of an insulating 
metal oxide composing a capacitor insulating film and 
thereby prevent the degradation of the properties of the 
capacitor. 55 

To attain the object, a semiconductor device according to 
the present invention comprises: a protective insulating film 
deposited on a semiconductor substrate having first and 
second field-effect transistors formed thereon; a capacitor 
composed of a capacitor lower electrode, a capacitor insu- 60 
lating film made of an insulating metal oxide, and a capaci- 
tor upper electrode which are formed in upwardly stacked 
relationship on the protective insulating film; a first contact 
plug formed in the protective insulating film to provide a 
direct connection between an impurity diffusion layer serv- 65 
ing as a source or drain region of the first field-effect 
transistor and the capacitor lower electrode; and a second 
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contact plug formed in the protective insulating film to 
provide a direct connection between an impurity diffusion 
layer serving as a source or drain region of the second 
field-effect transistor and the capacitor upper electrode. 

In the semiconductor device according to the present 
invention, the capacitor upper electrode of the capacitor is 
connected directly to the impurity diffusion layer of the 
second field-effect transistor by the second contact plug 
formed in the protective insulating film, not by the wiring 
layer formed on the protective insulating film deposited on 
the capacitor as in the conventional semiconductor device. 
This obviates the necessity to form a contact hole for 
providing a connection between the wiring layer formed on 
the protective insulating film on the capacitor and the 
capacitor upper electrode and hence the necessity for a resist 
pattern for forming the contact hole. As a result, there can be 
circumvented a situation in which hydrogen generated in 
removing the resist pattern by using an oxygen plasma 
reaches the capacitor insulating film. Since the capacitor 
upper electrode is covered with the protective insulating film 
on the capacitor during the formation of the contact hole for 
providing a connection between the wiring layer formed on 
the protective insulating film on the capacitor and the 
impurity diffusion layer of the second field-effect transistor, 
there can be circumvented a situation in which hydrogen 
generated in removing the resist pattern for forming the 
contact hole by using an oxygen plasma reaches the capaci- 
tor insulating film. Even if the wiring layer formed on the 
protective insulating film on the capacitor is treated with 
heat in a hydrogen atmosphere, hydrogen in the hydrogen 
atmosphere is prevented from reaching the capacitor insu- 
lating film since the wiring layer is not connected to the 
capacitor upper electrode. This prevents the reduction of the 
insulating metal oxide composing the capacitor insulating 
film and improves the properties of the capacitor. 

In the semiconductor device according to the present 
invention, the capacitor insulating film is preferably formed 
conformally to the capacitor lower electrode, the semicon- 
ductor device preferably further comprising: insulating side- 
walls formed on respective side surfaces of the capacitor 
lower electrode and the capacitor insulating film, wherein 
the capacitor upper electrode is preferably formed over the 
capacitor insulating film and the side walls. 

In the arrangement, it is sufficient for the insulating metal 
oxide film serving as the capacitor insulating film to be 
formed excellently over an upper portion of the capacitor 
lower electrode having a flat configuration, so mat the 
insulating metal oxide film is formed easily. 

In this case, the sidewalls are preferably made of silicon 
oxide. 

In the semiconductor device according to the present 
invention, the capacitor lower electrode preferably includes 
a plurality of capacitor lower electrodes formed on the 
protective insulating film, the semiconductor device prefer- 
ably further comprising: an insulating film formed between 
the plurality of capacitor lower electrodes, wherein the 
capacitor insulating film is preferably formed over the 
plurality of capacitor lower electrodes and the insulating 
film. 

In the arrangement, the insulating metal oxide film serv- 
ing as the capacitor insulating film is formed over the 
plurality of capacitor lower electrodes and the insulating 
film having a flat configuration, so that the insulating metal 
oxide film is formed easily. 

In this case, the insulating film is preferably composed of 
silicon oxide. 
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The semiconductor device according to the present inven- 
tion preferably further comprises: a hydrogen barrier film 
entirely covering the capacitor upper electrode. 

The arrangement positively prevents a situation in which 
a hydrogen atom is diffused in the capacitor upper electrode 5 
to reach the capacitor insulating film and reduce the insu- 
lating metal oxide film composing the capacitor insulating 
film. 

In the semiconductor device according to the present 
invention, each of the first and second contact plugs is 10 
preferably made of polysilicon or tungsten. 

In the semiconductor device according to the present 
invention, the capacitor insulating film is preferably made of 
a ferroelectric material having a bismuth layered perovskite ^ 
structure, lead zirconate titanate (PZT), barium strontium 
titanate, or tantalum pentaoxide. 

A method of fabricating a semiconductor device accord- 
ing to the present invention comprises the steps of: depos- 
iting a protective insulating film on a semiconductor sub- 20 
strate having first and second field-effect transistors formed 
thereon; forming a first contact plug and a second contact 
plug in the protective insulating film, the first contact plug 
being connected to an impurity diffusion layer serving as a 
source or drain region of the first field-effect transistor, the 25 
second contact plug being connected to an impurity diffu- 
sion layer serving as a source or drain region of the second 
field-effect transistor; forming, on the protective insulating 
film, a capacitor lower electrode connected directly to the 
first contact plug; forming, on the capacitor lower electrode, 30 
a capacitor insulating film made of an insulating metal 
oxide; and forming, on the capacitor insulating film, a 
capacitor upper electrode having a peripheral portion located 
on the protective insulating film and connected directly to 
the second contact plug. 35 

In the method of fabricating a semiconductor device 
according to the present invention, the capacitor upper 
electrode of the capacitor is connected directly to the impu- 
rity diffusion layer of the second field-effect transistor by the 
second contact plug formed in the protective insulating film, 40 
not by the wiring layer formed on the protective insulating 
film deposited on the capacitor as in the conventional 
semiconductor device. This obviates the necessity to form a 
contact hole for providing a connection between the wiring 
layer formed on the protective insulating film on the capaci- 45 
tor and the capacitor upper electrode and therefore the 
necessity for a resist pattern for forming the contact hole. As 
a result, there can be circumvented a situation in which 
hydrogen generated in removing the resist pattern by using 
an oxygen plasma reaches the capacitor insulating film. 50 
Since the capacitor upper electrode is covered with the 
protective insulating film on the capacitor during the for- 
mation of the contact hole for providing a connection 
between the wiring layer formed on the protective insulating 
film on the capacitor and the impurity diffusion layer of the 55 
second field-effect transistor, there can be circumvented a 
situation in which hydrogen generated in removing the resist 
pattern for forming the contact hole by using an oxygen 
plasma reaches the capacitor insulating film. Even if the 
wiring layer formed on the protective insulating film on the 60 
capacitor is treated with heat in a hydrogen atmosphere, 
hydrogen in the hydrogen atmosphere is prevented from 
reaching the capacitor insulating film since the wiring layer 
is not connected to the capacitor upper electrode. TTiis 
prevents the reduction of die insulating metal oxide com- 65 
posing the capacitor insulating film and improves the prop- 
erties of the capacitor. 



The method of fabricating a semiconductor device 
according to the present invention preferably further com- 
prises the step of: forming a hydrogen barrier film covering 
the capacitor upper electrode. 

The arrangement positively prevents a situation in which 
a hydrogen atom is diffused in the capacitor upper electrode 
to reach the capacitor insulating film and reduce the insu- 
lating metal oxide composing the capacitor insulating film. 

In the method of fabricating a semiconductor device 
according to the present invention, the step of forming the 
capacitor insulating film preferably includes the step of 
forming a capacitor insulating film which is conformal to the 
capacitor lower electrode, the method preferably further 
comprising, between the step of forming the capacitor 
insulating film and the step of forming the capacitor upper 
electrode, the step of: forming insulating sidewalls on 
respective side surfaces of the capacitor lower electrode and 
the capacitor insulating film, wherein the step of forming the 
capacitor upper electrode preferably includes the step of 
forming the capacitor upper electrode over the capacitor 
insulating film and the sidewalls. 

In the arrangement, it is sufficient for the insulating metal 
oxide film serving as the capacitor insulating film to be 
formed excellently over an upper portion of the capacitor 
lower electrode having a flat configuration, so that the 
insulating metal oxide film is formed easily. 

In the method of fabricating a semiconductor device 
according to the present invention, the step of forming the 
capacitor lower electrode preferably includes the step of 
forming a plurality of capacitor lower electrodes on the 
protective insulating film, the method preferably further 
comprising, between the step of forming the capacitor lower 
electrode and the step of forming the capacitor insulating 
film, the step of: forming an insulating film between the 
plurality of capacitor lower electrodes, wherein the step of 
forming the capacitor insulating film preferably includes the 
step of forming the capacitor insulating film over the plu- 
rality of capacitor lower electrodes and the insulating film. 

In the arrangement, the insulating metal oxide film serv- 
ing as the capacitor insulating film is formed over the 
plurality of capacitor lower electrodes and the insulating 
film having a flat configuration, so that the insulating metal 
oxide film is formed easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a semiconductor device 
according to a first embodiment of the present invention; 

FIGS. 2(a) and (b) are cross-sectional views illustrating a 
method of fabricating the semiconductor device according to 
the first embodiment; 

FIGS. 3(a) and (b) are cross-sectional views illustrating a 
method of fabricating the semiconductor device according to 
the first embodiment; 

FIG. 4 is a cross-sectional view of a semiconductor device 
according to a second embodiment of the present invention; 

FIGS. 5(a) and (b) are cross-sectional views illustrating a 
method of fabricating the semiconductor device according to 
the second embodiment; 

FIG. 6 is a cross-sectional view of a semiconductor device 
according to a third embodiment of the present invention; 

FIGS. 1(a) and (b) are cross-sectional views illustrating a 
method of fabricating the semiconductor device according to 
the third embodiment; 

FIG. 8 is a cross-sectional view of a conventional semi- 
conductor device; 
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FIGS. 9(a) and (b) are cross-sectional views each illus- 
trating a process step of a conventional method of fabricat- 
ing a semiconductor device; 

FIGS. 10(a) to (c) are cross-sectional views illustrating 
problems associated with the conventional semiconductor 5 
device and die fabrication method therefor; and 

FIG. 11 is a cross-sectional views illustrating problems 
associated with the conventional semiconductor device and 
the fabrication method therefor. 

10 

DETAILED DESCRIPTION OF THE 
INVENTION 

EMBODIMENT 1 

15 

A semiconductor device according to a first embodiment 
of the present invention will be described with reference to 
FIG. 1. 

As shown in FIG. 1, a device isolation region 101 and 
impurity diffusion layers 105 each serving as the source or 20 
drain region of a first field-effect transistor or the source or 
drain region of the second field-effect transistor are formed 
in a surface portion of a semiconductor substrate 100. A gate 
electrode 103 is formed on the semiconductor substrate 100 
to be located between the pair of impurity diffusion layers 25 
105 with a gate insulating film 102 interposed therebetween. 
The top and side surfaces of the gate electrode 103 are 
covered with a gate protective insulating film 104. 

A first protective insulating film 106 is deposited over the 
gate protective insulating film 104 and the semiconductor 10 
substrate 100. In the first protective insulating film 106, 
there are formed first and second contact plugs 107 and 108 
each composed of a tungsten or polysilicon film. The first 
contact plug 107 is connected to one of the impurity diffu- 
sion layers 105 which serves as the source or drain region of 35 
the first field-effect transistor forming a memory cell and a 
second contact plug 108 is connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the second field-effect transistor forming a sense 
amp. 40 

A plurality of capacitor lower electrodes 109 each com- 
posed of a multilayer film consisting of a titanium film, a 
titanium nitride film, an iridium oxide film, and a platinum 
film and connected to the first contact plug 107 are formed 
on the first protective insulating film 106. A capacitor 45 
insulating film 110A made of SrBi 2 (Ta Kr Nb v )0 9 having a 
bismuth layered perovskite structure is formed over the 
plurality of capacitor lower electrodes 109 to extend to the 
exterior thereof. 

A capacitor upper electrode 111 composed of a multilayer 
film consisting of a platinum film and a titanium film or a 
titanium nitride film and connected to the second contact 
plug 108 is formed on the capacitor insulating film 110A. 
The capacitor upper electrode 111 is covered with a hydro- 55 
gen barrier film 112 composed of a silicon nitride film or a 
boron nitride film. 

The foregoing capacitor lower electrode 109, the capaci- 
tor insulating film 110A, and the capacitor upper electrode 
111 constitute a capacitor for storing data. The capacitor and 50 
the first field-effect transistor constitute a memory cell. A 
plurality of memory cells constitute a memory array. 

A second protective insulating film 113 is deposited on the 
first protective insulating film 106. A third contact plug 114 
connected to the other of the impurity diffusion layers 105 65 
serving as the source or drain region of the second field- 
effect transistor is formed in the first and second protective 



insulating films 106 and 113. A wiring layer 115 connected 
to the third contact plug 114 is formed on the second 
protective insulating film 113. Each of the third contact plug 
114 and the wiring layer 115 is composed of a multilayer 
film consisting of a titanium film, a titanium nitride film, an 
aluminum film, and a titanium nitride film which are depos- 
ited in upwardly stacked relationship or a multilayer film 
consisting of a titanium film, a titanium nitride film, a 
tungsten film, a titanium film, a titanium nitride film, an 
aluminum film, and a titanium nitride film which are depos- 
ited in upwardly stacked relationship. 

Referring to FIGS. 2(a) and (b) and FIGS. 3(a) and (b), 
a description will be given to a method of fabricating the 
semiconductor device according to the first embodiment. 

First, as shown in FIG. 2(a), the device isolation region 

101 is formed in the surface portion of the semiconductor 
substrate 100, followed by the gate electrode 103 formed on 
the semiconductor substrate 100 with the gate insulating film 

102 interposed therebetween. Then, impurity ions at a low 
concentration are implanted by using the gate electrode 103 
as a mask and the gate protective oxide insulating film 104 
is formed on the top and side surfaces of the gate electrode 
103. Subsequently, impurity ions at a high concentration are 
implanted by using the gate electrode 103 and the gate 
protective insulating film 104 as a mask, whereby the 
impurity diffusion layers 105 each having an LDD structure 
and serving as the source or drain region of the first 
field-effect transistor or the source or drain region of the 
second field-effect transistor are formed. 

Next, the first protective insulating film 106 is deposited 
over the entire surface of the semiconductor substrate 100 
and a contact hole is formed by dry etching in the first 
protective insulating film 106. Then, a conductive film 
composed of a tungsten film or a polysilicon film is depos- 
ited by CVD over the entire surface of the first protective 
insulating film 106. Subsequently, the portion of the con- 
ductive film located over the first protective insulating film 
106 is removed by an etch-back or CMP process, whereby 
the first contact plug 107 connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the first field-effect transistor forming the memory 
cell is formed and the second contact plug 108 connected to 
one of the impurity diffusion layers 105 which serves as the 
source or drain region of the second field-effect transistor 
disposed in the peripheral portion of the memory cell array 
to form a sense amp is formed. 

Next, the multilayer film consisting of the titanium film, 
the titanium nitride film, the iridium oxide film, and the 
platinum film which are deposited in upwardly stacked 
relationship is formed over die entire surface of the first 
protective insulating film 106 and then patterned by dry 
etching, thereby forming the capacitor lower electrode 109 
connected to the first contact plug 107, as shown in FIG. 
2(b). 

Next, a ferroelectric film made of SrBi 2 (Ta,. T Nb r )0 9 
having a bismuth layered perovskite structure and having a 
thickness of about 100 nm to 200 nm is deposited entirely 
over the capacitor lower electrodes 109 and the first protec- 
tive insulating film 106 by metal organic decomposition 
(MOD), metal organic chemical vapor deposition 
(MOCVD), or sputtering and then patterned, thereby form- 
ing the capacitor insulating film 11 OA extending over the 
plurality of capacitor lower electrodes 109 to the exterior 
thereof. 

Next, a multilayer film consisting of a platinum film and 
a titanium film which are deposited in upwardly stacked 
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relationship or a multilayer film consisting of a platinum 
film and a titanium nitride film which are deposited in 
upwardly stacked relationship is formed entirely over the 
capacitor insulating film 1010A and the first protective film 
106 and then patterned by dry etching, thereby forming the 5 
capacitor upper electrode 111 connected to the second 
contact plug 108, as shown in FIG. 3(a). 

Next, a silicon nitride film or a boron nitride film is 
deposited entirely over the capacitor upper electrode 111 and 
the first protective insulating film 106 by CVD or sputtering 10 
and then patterned by dry etching, thereby forming the 
hydrogen barrier film 112 covering the capacitor. 

Next, as shown in FIG. 3(b), the second protective insu- 
lating film 113 is deposited entirely over the hydrogen 
barrier film 112 and the first protective insulating film 106. 
Then, a contact hole is formed in the second protective 
insulating film 113 and in the first protective insulating film 
106. Thereafter, a multilayer film consisting of a titanium 
film, a titanium nitride film, an aluminum film, and a 
titanium nitride film which are deposited in upwardly 
stacked relationship or a multilayer film consisting of a 
titanium film, a titanium nitride film, a tungsten film, a 
titanium film, a titanium nitride film, an aluminum film, and 
a titanium nitride film which are deposited in upwardly 
stacked relationship is formed over the entire surface of the 
second protective insulating film 113 and then patterned, 
thereby forming the third contact plug 114 connected to the 
other of the impurity diffusion layers 105 which serves as the 
source or drain region of the second field-effect transistor 
and the wiring layer 115 connected to the third contact plug 
114. 

In the semiconductor device according to the first embodi- 
ment and the fabrication method therefor, the capacitor 
upper electrode 111 of the capacitor for storing data which 35 
forms the memory cell is connected directly to the impurity 
diffusion layer 105 of the second field-effect transistor by the 
second contact plug 108 formed in the first protective 
insulating film 106. Unlike the conventional embodiment 
shown in FIG. 8, the capacitor upper electrode 111 is not 40 
connected to the impurity diffusion layer 105 via the second 
contact plug 24, the wiring layer 26, and the third contact 
plug 25. Since an opening is not formed in the hydrogen 
barrier film 112 covering the capacitor lower electrode 111, 
there can be circumvented a situation in which active 
hydrogen generated by the catalytic reaction of platinum is 
diffused in the capacitor upper electrode 111 to reach the 
capacitor insulating film 11 OA in the step of removing the 
resist pattern used to form the second or third contact plug 
24 or 25 by using an oxygen plasma and a situation in which 5Q 
a hydrogen atom is diffused in the capacitor upper electrode 
111 to reach the capacitor insulating film 110A in the step of 
performing an annealing process with respect to the wiring 
layer 115 formed on the second protective insulating film. 
113 in a hydrogen atmosphere. Accordingly, the insulating 55 
metal oxide composing the capacitor insulating film 110A is 
not reduced by hydrogen and the properties of the capacitor 
are improved. 
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A semiconductor device according to a second embodi- 
ment of the present invention will be described with refer- 
ence to FIG. 4. 

As shown in FIG. 4, a device isolation region 101 and 
impurity diffusion layers 105 each serving as the source or 65 
drain region of a first field-effect transistor or as the source 
or drain region of a second field-effect transistor are formed 



in a surface portion of a semiconductor substrate 100, 
similarly to the first embodiment. A gate electrode 103 is 
formed on the semiconductor substrate 100 to be located 
between the pair of impurity diffusion layers 105. The top 
and side surfaces of the gate electrode 103 are covered with 
the gate protective insulating film 104. 

Similarly to the first embodiment, a first protective insu- 
lating film 106 is deposited over the semiconductor substrate 

100 and the gate protective insulating film 104. In the first 
protective insulating film 106, there are formed a first 
contact plug 107 and a second contact plug 108 each 
composed of a tungsten or polysilicon film. The first contact 
plug 107 is connected to one of the impurity diffusion layers 
105 which serves as the source or drain region of the first 
field-effect transistor forming a memory cell. The second 
contact plug 108 is connected to one of the impurity diffu- 
sion layers 105 which serves as the source or drain region of 
the second field-effect transistor disposed in a peripheral 
portion of the memory cell to serve as a sense amp. 

A capacitor lower electrode 109 composed of a multilayer 
film consisting of a titanium film, a titanium nitride film, an 
iridium oxide film, and a platinum film and connected to the 
first contact plug 107 is formed on the first protective 
insulating film 106. A capacitor insulating film HOB made 
of SrBi 2 (Ta Uv Nb v )0 9 having a bismuth layered perovskite 
structure and conformal to the capacitor lower electrode 109 
is formed on the capacitor lower electrode 109. The capaci- 
tor lower electrode 109 and the capacitor insulating film 
HOB have respective side surfaces covered with sidewalls 
116 composed of a silicon oxide film. 

A capacitor upper electrode 111 composed of a multilayer 
film consisting of a platinum film and a titanium film or a 
titanium nitride film is formed over the plurality of capacitor 
lower electrodes 109 and the capacitor insulating film HOB 
to extend to the exterior thereof and connected to the second 
contact plug 108. The capacitor upper electrode 111 is 
covered with a hydrogen barrier film 112 composed of a 
silicon nitride film or a boron nitride film. 

The foregoing capacitor lower electrode 109, the capaci- 
tor insulating film HOB, and the capacitor upper electrode 
111 constitute a capacitor for storing data. The capacitor and 
the first field-effect transistor constitute a memory cell. A 
plurality of memory cells constitute a memory array. 

Similarly to the first embodiment, a second protective 
insulating film 113 is deposited on the first protective 
insulating film 106. A third contact plug 114 connected to the 
other of the impurity diffusion layers 105 which serves as the 
source or drain region of the second field-effect transistor is 
formed in the first and second protective insulating films 106 
and 113. A wiring layer 115 connected to the third contact 
plug 114 is formed on the second protective insulating film 
113. Each of the third contact plug 114 and the wiring layer 
115 is composed of a multilayer film consisting of a titanium 
film, a titanium nitride film, an aluminum film, and a 
titanium nitride film which are deposited in upwardly 
stacked relationship or a multilayer film consisting of a 
titanium film, a titanium nitride film, a tungsten film, a 
titanium film, a titanium nitride film, an aluminum film, and 
a titanium nitride film which are deposited in upwardly 
stacked relationship. 

Referring to FIGS. 5(a) and (6), a description will be 
given to a method of fabricating a semiconductor device 
according to the second embodiment. 

First, as shown in FIG. 5(a), the device isolation region 

101 is formed in the surface portion of the semiconductor 
substrate 100, followed by the gate electrode 103 formed on 
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the semiconductor substrate 100 with the gate insulating film 
102 interposed therebetween and the gate protective insu- 
lating film 104 formed over the gate electrode 103. 
Thereafter, the impurity diffusion layers 105 each serving as 
the source or drain region of the first field-effect transistor or 
as the source or drain region of the second field-effect 
transistor and having an LDD structure are formed. Then, 
the first protective insulating film 106 is deposited over the 
entire surface of the semiconductor substrate 100. After that, 
the first contact plug 107 connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the first field-effect transistor forming the memory 
cell is formed in the first protective insulating film, while the 
second contact plug 108 connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the second field-effect transistor forming the sense 
amp is formed in the first protective insulating film 106. 

Next, a multilayer film consisting of a titanium film, a 
titanium nitride film, an iridium oxide film, and a platinum 
film which are deposited in upwardly stacked relationship is 
formed by sputtering over the entire surface of the first 
protective insulating film 106. Then, a ferroelectric film 
made of SrBi 2 (Ta,. r Nb v )0 9 having a bismuth layered per- 
ovskite structure and having a thickness of 100 nm to 200 
nm is deposited on the multilayer film by metal organic 
decomposition, metal organic chemical vapor deposition, or 
sputtering. Thereafter, the multilayer film and the ferroelec- 
tric film are patterned by dry etching to form the capacitor 
lower electrode 109 composed of the multilayer film and the 
capacitor insulating film HOB composed of the ferroelectric 
film. 

Next, the silicon oxide film 108 having a thickness of 300 
nm is deposited entirely over the capacitor lower electrode 
109 and the capacitor insulating film HOB and subjected to 
an isotropic etching, thereby forming the side walls 116 on 
the respective side surfaces of the capacitor lower electrode 
109 and the capacitor insulating film HOB, as shown in FIG. 
Sib). 

Next, a multilayer film consisting of a platinum film and 
a titanium film which are deposited in upwardly stacked 
relationship or a multilayer film consisting of a platinum 
film and a titanium nitride film which are deposited in 
upwardly stacked relationship is deposited over the capaci- 
tor insulating film and the first protective film 106, similarly 
to the first embodiment. Thereafter, the multilayer film is 
patterned by dry etching, thereby forming the capacitor 
upper electrode 111 (see FIG. 4) connected to the second 
contact plug 108 and then forming the hydrogen barrier film 
112 (see FIG. 4) covering the capacitor upper electrode 111. 

Next, the second protective insulating film 113 is depos- 
ited over the hydrogen barrier film 112 and the first protec- 
tive insulating film 106. Thereafter, the third contact plug 
114 (see FIG. 4) connected to the other of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the second field-effect transistor is formed in the 
first and second protective insulating films 106 and 113, 
while the wiring layer 115 (see FIG. 4) connected to the third 
contact plug 114 is formed on the second protective insu- 
lating film 113. 

In the semiconductor device according to the second 
embodiment and the fabrication method therefor, the capaci- 
tor upper electrode 111 of the capacitor for storing data 
which forms the memory cell is connected directly to the 
impurity diffusion layer 105 of the second field-effect tran- 
sistor by the second contact plug 108 formed in the first 
protective insulating film 106. Since an opening is not 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



formed in the hydrogen barrier film 112 covering the capaci- 
tor lower electrode 111, there can be circumvented a situa- 
tion in which active hydrogen generated by the catalytic 
reaction of platinum and a hydrogen atom in a hydrogen 
atmosphere in which the wiring layer 115 is annealed are 
diffused in the capacitor upper electrode 111 to reach the 
capacitor insulating film 110A. Accordingly, the capacitor 
insulating film 11 OA is not reduced by hydrogen and the 
properties of the capacitor are improved. 

In particular, the second embodiment has deposited the 
ferroelectric film serving as the capacitor insulating film 
HOB on the multilayer film serving as the capacitor lower 
electrode 109, i.e., the second embodiment has deposited the 
ferroelectric film on the flat multilayer film. This allows easy 
formation of the ferroelectric film. 

Moreover, since the multilayer film serving as the capaci- 
tor upper electrode 111 is deposited after the sidewalls 116 
are formed on the respective side surfaces of the capacitor 
lower electrode 109 and the capacitor insulating film HOB, 
there is no conduction between the capacitor lower elec- 
trodes 109. 

EMBODIMENT 3 

As shown in FIG. 6, a device isolation region 101 and 
impurity diffusion layers 105 each serving as the source or 
drain region of a first field-effect transistor or as the source 
or drain region of a second field-effect transistor are formed 
in a surface portion of a semiconductor substrate 100, 
similarly to the first embodiment. A gate electrode 103 is 
formed on the semiconductor substrate 100 to be located 
between the pair of impurity diffusion layers 105. The top 
and side surfaces of the gate electrode 103 are covered with 
the gate protective insulating film 104. 

Similarly to the first embodiment, a first protective insu- 
lating film 106 is deposited over the semiconductor substrate 
100 and the gate protective insulating film 104. In the first 
protective insulating film 106, there are formed a first 
contact plug 107 and a second contact plug 108 each 
composed of a tungsten or polysilicon film. The first contact 
plug 107 is connected to one of the impurity diffusion layers 
105 which serves as the source or drain region of the first 
field-effect transistor forming a memory cell. The second 
contact plug 108 is connected to one of the impurity diffu- 
sion layers 105 which serves as the source or drain region of 
the second field-effect transistor disposed in a peripheral 
portion of the memory cell to serve as a sense amp. 

A capacitor lower electrode 109 composed of a multilayer 
film consisting of a titanium film, a titanium nitride film, an 
iridium oxide film, and a platinum film and connected to the 
first contact plug 107 is formed on the first protective 
insulating film 106. An insulating film 117 composed of a 
silicon oxide film is formed on the first protective insulating 
film 106 to be located between the capacitor lower elec- 
trodes 109. 

A capacitor insulating film 10C made of SrBi 2 (Ta 1 _ Y Nb r ) 
0 9 having a bismuth layered perovskite structure is formed 
over the plurality of capacitor lower electrodes 109 and the 
insulating film 117 to extend to the exterior thereof. 

A capacitor upper electrode 111 composed of a multilayer 
film consisting of a platinum film and a titanium film or a 
titanium nitride film and connected to the second contact 
plug 108 is formed on the capacitor insulating film 10C to 
extend to the exterior thereof. The capacitor upper electrode 
111 is covered with a hydrogen barrier film 112 composed of 
a silicon nitride film or a boron nitride film. 

The foregoing capacitor lower electrode 109, the capaci- 
tor insulating film HOC, and the capacitor upper electrode 
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111 constitute a capacitor for storing data. The capacitor and 
the first field-effect transistor constitute a memory cell. A 
plurality of memory cells constitute a memory array. 

Similarly to the first embodiment, a second protective 
insulating film 113 is deposited on the first protective 
insulating film 106. A third contact plug 114 connected to the 
other of the impurity diffusion layers 105 which serves as the 
source or drain region of the second field-effect transistor is 
formed in the first and second protective insulating films 106 
and 113. A wiring layer 115 connected to the third contact 
plug 114 is formed on the second protective insulating film 
113. Each of the third contact plug 114 and the wiring layer 
115 is composed of a multilayer film consisting of a titanium 
film, a titanium nitride film, an aluminum film, and a 
titanium nitride film which are deposited in upwardly 
stacked relationship or a multilayer film consisting of a 
titanium film, a titanium nitride film, a tungsten film, a 
titanium film, a titanium nitride film, an aluminum film, and 
a titanium nitride film which are deposited in upwardly 
stacked relationship. 

Referring to FIGS. 1(a) and (b\ a description will be 
given to a method of fabricating a semiconductor device 
according to the third embodiment. 

First, as shown in FIG. 7(a), the device isolation region 

101 is formed in the surface portion of the semiconductor 
substrate 100, followed by the gate electrode 103 formed on 
the semiconductor substrate 100 with the gate insulating film 

102 interposed therebetween and the gate protective insu- 
lating film 104 formed over the gate electrode 103. 
Thereafter, the impurity diffusion layers 105 each serving as 
the source or drain region of the first field-effect transistor or 
as the source or drain region of the second field-effect 
transistor and having an LDD structure are formed. Then, 
the first protective insulating film 106 is deposited over the 
entire surface of the semiconductor substrate 100. After that, 
the first contact plug 107 connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of the first field-effect transistor forming the memory 
cell is formed in the first protective insulating film, while the 
second contact plug 108 connected to one of the impurity 
diffusion layers 105 which serves as the source or drain 
region of-the second field-effect transistor forming the sense 
amp is formed in the first protective insulating film 106. 

Next, a multilayer film consisting of a titanium film, a 
titanium nitride film, an iridium oxide film, and a platinum 
film which are deposited in upwardly stacked relationship is 
formed by sputtering over the entire surface of the first 
protective insulating film 106. The multilayer film is then 
patterned by dry etching, thereby forming the capacitor 
lower electrode 109. 

Next, a silicon oxide film 117A having a thickness of 300 
nm is deposited over the entire surface of the capacitor lower 
electrode 109. Subsequently, the portion of the silicon oxide 
film 117A overlying the capacitor lower electrode 109 is 
removed by CMP, whereby the insulating film 117 com- 
posed of the silicon oxide film 117A is formed on the first 
protective insulating film 106 to be located between the 
capacitor lower electrodes 109, as shown in FIG. 7{b). 

Next, a ferroelectric film made of SrBi 2 (Ta,. t Nb v )0 9 
having a bismuth layered perovskite structure and having a 
thickness of 100 nm to 200 nm is deposited over the plurality 
of capacitor lower electrodes 109 and the insulating film 117 
by metal organic decomposition, metal organic chemical 
vapor deposition, or sputtering. The ferroelectric film is then 
patterned by dry etching to form the capacitor insulating film 
10C extending over the plurality of capacitor lower elec- 
trodes 109 to the exterior thereof. 
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Next, a multilayer film consisting of a platinum film and 
a titanium film which are deposited in upwardly stacked 
relationship or a multilayer film consisting of a platinum 
film and a titanium nitride film which are deposited in 

5 upwardly stacked relationship is deposited over the capaci- 
tor insulating film and the first protective film 106, similarly 
to the first embodiment. Thereafter, the multilayer film is 
patterned by dry etching, thereby forming the capacitor 
upper electrode 111 (see FIG. 6) connected to the second 
contact plug 108 and then forming the hydrogen barrier film 

10 112 (see FIG. 6) covering the capacitor upper electrode 111. 
Next, the second protective insulating film 113 is depos- 
ited over the hydrogen barrier film 112 and the first protec- 
tive insulating film 106. Thereafter, the third contact plug 
114 (see FIG. 6) connected to the other of die impurity 

15 diffusion layers 105 which serves as the source or drain 
region of the second field-effect transistor is formed in the 
first and second protective insulating films 106 and 113, 
while the wiring layer 115 (see FIG. 6) connected to the third 
contact plug 114 is formed on the second protective insu- 

20 lating film 113. 

In the semiconductor device according to the third 
embodiment and the fabrication method therefor, the capaci- 
tor upper electrode 111 of the capacitor for storing data 
which forms the memory cell is connected directly to the 

25 impurity diffusion layer 105 of the second field-effect tran- 
sistor by the second contact plug 108 formed in the first 
protective insulating film 106. Since an opening is not 
formed in the hydrogen barrier film 112 covering the capaci- 
tor lower electrode 111, there can be circumvented a situa- 

?0 tion in which active hydrogen generated by the catalytic 
reaction of platinum and a hydrogen atom in a hydrogen 
atmosphere in which the wiring layer 115 is annealed are 
diffused in the capacitor upper electrode 111 to reach the 
capacitor insulating film 11 OA. Accordingly, the capacitor 
insulating film 11 OA is not reduced by hydrogen and the 

35 properties of the capacitor are improved. 

In particular, the third embodiment has deposited the 
ferroelectric film serving as the capacitor insulating film 
HOC over the plurality of capacitor lower electrodes 109 
and the insulating film 117 having their surfaces planarized. 

40 This allows easy formation of the ferroelectric film. 

Although the capacitor insulating films 11 OA, HOB, and 
HOC according to the first to third embodiments have been 
formed of SrBi 2 (T,_ r Nb r )0 9 , each of the capacitor insulat- 
ing films 110A, HOB, and HOC may also be formed of a 

45 ferroelectric film having a bismuth layered perovskite struc- 
ture having another composition or of a high-dielectric- 
constant film such as lead zirconate titanate, barium stron- 
tium titanate, or tantalum pentaoxide. 
Although the capacitor upper electrode 111 according to 

50 each of the first to third embodiments has been formed of the 
multilayer film consisting of the platinum film and the 
titanium film which are deposited in upwardly stacked 
relationship or of the multilayer film consisting of the 
platinum film and the titanium nitride film which are depos- 

55 ited in upwardly stacked relationship, it is not limited 
thereto. The capacitor upper electrode 111 may be formed 
appropriately so long as it contains a platinum film, an 
iridium film, a ruthenium film, a rhodium film, or a multi- 
layer film consisting of some of the films listed above. 
Although the capacitor lower electrode 109 according to 

60 each of the first to third embodiments has been formed of the 
multilayer film consisting of the titanium film, the titanium 
nitride film, the iridium oxide film, and the platinum film 
which are deposited in upwardly stacked relationship, it is 
not limited thereto. The capacitor lower electrode 109 may 

65 be formed appropriately so long as it contains a platinum 
film, an iridium film, a ruthenium film, a rhodium film, or a 
multilayer film consisting of some of the films listed above. 



